in pulmonary valvular stenosis though they concede that angiocardiography may show considerable narrowing of the outflow tract in late systole. Moreover, in their patients in whom they carried out angiocardiography both before and after pulmonary valvotomy they observed appreciable widening of the infundibulum 5 to 12 months following pulmonary valvotomy.
Diagnosis of pulmonary valvular stenosis in this centre as elsewhere rests on the evaluation of the clinical, radiological and electrocardiographic features together with the findings at cardiac catheterization. As additional tools, intracardiac electrocardiography and selective cine-angiocardiography are employed. Interpretation of the pressure pulses is made with due regard to such possible sources of error as Venturi effects, pressure artefacts due to catheter movements, etc., and the intracardiac electrogram, obtained from an electrode at the tip of the catheter, is used as an aid in locating the site of stenosis on the withdrawal tracings (Emslie-Smith et al., 1956) . Fig. 1 illustrates such pressure pulses and intracardiac electrograms recorded during cardiac catheterization.
FIG. 1.-A withdrawal tracing from pulmonary trunk to right ventricle obtained at cardiac catheterization in a patient with severe isolated pulmonary valvular stenosis, whose selective cine-angiocardiogram is illustrated in Fig. 4 Fig. 2 . In this instance there is significant narrowing of the outflow tract throughout its whole length, and though it is still capable of fairly wide dilatation, the duration of this phase is short. In the first few frames the jet ejected through the stenosed valve can be traced in the dilated pulmonary trunk, and the turbulence in this region can be seen. group.bmj.com on August 28, 2017 -Published by http://heart.bmj.com/ Downloaded from As the catheter tip is withdrawn from the pulmonary artery into the right ventricle there is an abrupt and synchronous alteration in both the pressure pulse and the intracardiac electrogram. This changp is characteristic of severe stenosis of the pulmonary valve, and in this case the diagnosis was supported by selective cine-angiocardiography (Fig. 4) and later confirmed at operation.
Cine-angiocardiography is carried out using image-intensification and selective injection into the right ventricle (Watson et al., 1958) ; with this technique cine-films can be taken at 50 or more frames per second and projected at varying speeds or studied as serial stills, thereby facilitating study of the intracardiac circulation. In Fig. 2, 3, and 4 , are shown excerpts from such cine-films taken in three representative cases of isolated pulmonary valvular stenosis of mild, moderate, and severe degree respectively. It will be seen that in general the degree of narrowing of the infundibular lumen is roughly proportional to the severity of the pulmonary valvular stenosis, as judged by the right ventricular systolic pressure, and that the duration of the dilated phase in diastole is inversely proportional to the severity of the stenosis. The narrowing of the lumen of the outflow tract in the severe case (Fig. 4) is gross in all phases of the cardiac cycle.
It will be apparent from the figures that this narrowing of the infundibulum is no momentary event, and that in severe valvular stenosis it persists for the greater part of the cardiac cycle. In Fig. 4 , for example, where a complete heart cycle is depicted in sixteen consecutive frames (No. 2-18) in three frames only (No. 15, 16, and 17) is the outflow tract partially dilated. In the remaining 12 pictures it shows narrowing, and in many of them this is of extreme degree. It is dilatation that is the momentary event in such cases and in this instance it appears in only three frames.
The demonstration of a phase of dilatation, however brief, is good evidence against obstruction from a fibrous or other unyielding barrier. The infundibular muscle is known to be grossly hypertrophied in such cases and this infundibular hypertrophy associated with incomplete and momentary relaxation in diastole has so impressed us that we have come to speak of it as the muscle-bound right ventricular outflow tract in severe isolated pulmonary valvular stenosis. The Oxford English Dictionary defines muscle-bound as "with muscles stiff and inelastic through over-exercise SUMMARY Hemodynamic considerations have led to the concept of acquired infundibular muscular hypertrophy forming a further obstruction to the outflow of blood from the right ventricle in patients with severe isolated valvular pulmonary stenosis. An infundibular pressure gradient may become apparent following successful pulmonary valvotomy. This gradient can be reduced immediately by infundibular resection or may regress spontaneously over some months.
It is suggested that selective cine-angiocardiography of the right ventricular outflow tract and cardiac catheterization with combined recording of the pressure pulse and intracardiac electrogram provide the most complete analysis of the nature of the obstruction in pulmonary stenosis.
The cine-angiocardiographic findings lend further support to the concept of infundibular obstruction from muscular hypertrophy and show narrowing of the infundibular lumen roughly proportional to the severity of the valvular pulmonarv stenosis. Dilatation of the outflow tract in severe cases is brief and incomplete, and its association with the muscular hypertrophy invites the use of the term "muscle-bound outflow tract".
